Nearly all research on camouflage has investigated its effectiveness for concealing stationary objects. However, animals have to move, and patterns that only work when the subject is static will heavily constrain behaviour. We investigated the effects of different camouflages on the three stages of predation-detection, identification and capture-in a computer-based task with humans. An initial experiment tested seven camouflage strategies on static stimuli. In line with previous literature, background-matching and disruptive patterns were found to be most successful. Experiment 2 showed that if stimuli move, an isolated moving object on a stationary background cannot avoid detection or capture regardless of the type of camouflage. Experiment 3 used an identification task and showed that while camouflage is unable to slow detection or capture, camouflaged targets are harder to identify than uncamouflaged targets when similar background objects are present. The specific details of the camouflage patterns have little impact on this effect. If one has to move, camouflage cannot impede detection; but if one is surrounded by similar targets (e.g. other animals in a herd, or moving background distractors), then camouflage can slow identification. Despite previous assumptions, motion does not entirely 'break' camouflage.
Introduction
Predation is a major factor in selection. The process of predation can be broken down into three stages: detection, identification and capture. Initially, a predator must detect that there is a potential target present; then, it must identify whether that target really is a prey item; and finally, it can attempt to capture the target. This means that camouflage can act at any or all of these stages to reduce the chance of successful predation.
For an animal to conceal itself, there are a number of strategies it can use. It can blend with the background (background matching, BM), break up its shape (disruptive camouflage) or mimic irrelevant objects (masquerade) [1] [2] [3] . Here, we focus on BM and different sub-types of disruptive coloration that have been discussed in the recent literature.
BM is the most intuitive method for concealing a target. At its most basic, it involves coloration that represents a random sample of the background [1] . This type of camouflage functions to avoid the target ever being detected (the first stage of predation), and achieves this simply by increasing the similarity of the target and background [4] so that discrimination between the two is impeded [5] .
Disruptive camouflage provides a useful addition to BM, when multiple habitats are involved. Thayer [6] and Cott [7] proposed that the two most important criteria for disruptive camouflage are differential blending and maximum disruptive contrast. Differential blending means that some patches of the pattern will blend into the background while others stand out. Empirical research supports this principle, but only that adjacent patches or pattern elements should have high contrast, not the greatest possible contrast [8, 9] . Together, differential blending with the background and internal contrast between adjacent colour patches cause the appearance of false (non-objectbounding) edges. The patches that stand out appear as separate objects from the patches that appear to be background. The overall effect helps to break up the outline or continuity of the surface [10] .
These disruptive markings can be placed near to the edge of the animal (external) or closer to the centre (internal). External markings help to break up the outline of the body, whereas internal markings may help to mask a potentially lower contrast real outline via lateral inhibition, or act to distract attention away from the edges [11] . In both cases, disruptive markings help to disguise the shape of an object [3, [6] [7] [8] 12] , and so potentially provide effective camouflage in multiple habitats. A number of studies have shown disruptive patterns positioned around the edge of a shape to be more successful at preventing predation than disruptive patterns positioned in the centre [8, 9, 13] . Another study [11] , however, found the opposite effect, showing that centrally placed markings can produce surface disruption effects and thus may be more effective for camouflage than those placed at the edge.
Nearly all research on camouflage has investigated its effectiveness for concealing stationary objects. However, both animals and military personnel require the ability to move, and a pattern that only works when the subject is static will heavily constrain behaviour. Attention is quickly drawn to motion. Moving objects 'pop out' and are easily observed independent of the number of other stationary objects that are present [14] . Another issue presented by motion, is that when the background contains any spatial pattern, movement of an object causes figure-ground segregation to become trivial [15] . The edges of the moving object become clearly defined as it moves across the background pattern.
Together, these effects mean that an individual target moving on its own is highly conspicuous [16] . Under stationary conditions camouflage patterns (BM and disruptive) have been found to be successful at preventing the capture of a target. However, the same camouflage patterns have been shown to be ineffective at reducing capture rates for moving targets [16] . Therefore, it seems camouflage patterns are effective when stationary and ineffective, but not necessarily costly, during motion.
How camouflage operates in moving groups of animals may be a different matter. The confusion effect is defined as the reduction of the attack-to-kill ratio, in predators, owing to an inability to single out and attack an individual when prey are aggregated [17] . When multiple similar targets are present, increased processing is required, resulting in decreased search efficiency [18] . To maximize the effect, multiple individuals should be of similar appearance [19] . Odd individuals, in a group that otherwise match each other, reduce the confusion effect and are much easier for the predator to target [20] . Therefore, the confusion effect may provide a useful mechanism to hinder identification of a moving target amongst other moving individuals, as long as all the objects are of similar appearance.
The visual search literature also provides evidence that under static conditions the presence of distractors can slow search efficiency. In order for distractors to affect identification of a target, they should be similar in appearance to the target [21] . However, targets are harder to detect when all the distractors are similar to the target, but not identical to each other [21, 22] . Motion-defined visual search literature has centred around search for the conjunction of movement and form, which has been shown to be a parallel process [23] . Visual search appears to be remarkably robust against motion [24] . Most of the literature in this area involves synchronized directions of movement; however, there is evidence that search is less efficient when distractors move in multiple directions [25] .
Over the years, it has been generally assumed that camouflage (such as BM and disruptive patterns) only works when the target is stationary. This assumption has resulted in a common phrase to sum up the situation, 'motion breaks camouflage'. However, there have been very few empirical studies that specifically investigate this effect and while it is intuitive that camouflage is unlikely to prevent the detection of a moving target, there are other methods by which camouflage could affect predation of a moving object, such as impeding target recognition or enhancing the confusion effect.
We, therefore, created seven camouflage patterns based on the strategies of BM and disruption, and compared them with a no pattern control. Three of the patterns bore elements of previously tested strategies (BM; disruptive edge (DE); and disruptive centre (DC); [8, 26] ). The other four were simple variations on disruptive patterning (step edge (SE); step centre (SC); graduating edge (GE); graduating centre (GC)), where the boundary between the high-and low-contrast regions was either sharp (SE and SC) or graduated (GE and GC). These variants were chosen because of their differences in the location and sharpness of their internal patterns. Sharp discontinuities might be more detectable because they are characteristic of the boundaries that our visual system exploits for object recognition [27] but, placed appropriately, sharp discontinuities can create false boundaries that may either disrupt the true outline or, placed internally, mask or distract attention from the true object edge [2, 3, 8, 9, 11, 26] .
We then used three computer-based experiments to investigate how camouflage can affect the different stages of predation. In the first experiment, we tested the camouflage patterns on stationary targets in order to verify previous demonstrations of their effectiveness for static viewing [8, 9, 11] when applied to our model system. All of the camouflage patterns were predicted to perform better than a no-pattern control (NP). BM and disruptive patterns were expected to be the most successful strategies, and because this is the most commonly reported finding in the literature, we predicted that external disruptive patterns would be more effective than internal ones. When motion was added in the second experiment, it was predicted that all effects of camouflage would disappear and all targets would be captured equally effectively. Finally, multiple distractors were added in the third experiment, and it was predicted that identification rate would be slowed in the presence of distractors that matched the target.
Material and methods
All participants were naive, had normal or corrected-to-normal vision, and gave informed consent in accordance with the Declaration of Helsinki. All trials were presented on a gammacorrected, 22 00 , 1024 Â 768 pixel laCie Electron 22Blue monitor with a refresh rate of 100 Hz and a mean luminance of 21.7 cd m 22 . Data have been deposited in the Dryad digital repository (doi:10.5061/dryad.vc60q).
(a) Experiment 1
Backgrounds were static in all experiments. A new background and target were generated for each trial. For the background, a rspb.royalsocietypublishing.org Proc R Soc B 280: 20130064 first-order autoregressive spatial process with normal error distribution [28] was used to create two different, high-contrast patterns. These were combined and manipulated (see the electronic supplementary material for details) in order to produce a grey scale background pattern (size: 13.28 Â 13.28) with a coarse, local and spatial structure. This meant that randomly placed, static, BM targets had small discontinuities at their boundaries; without such spatial structure, static versions of these targets would have been completely undetectable.
Irregular shapes (targets) were generated from similar background patterns in three sizes (1.08, 1.48 and 2.08 in mean diameter) and eight different patterns: a NP (mean luminance of background) and seven different camouflage patterns (figure 1). These camouflage patterns were chosen to instantiate elements of three strategies (BM; edge disruptive with high-contrast patches at the target edge, DE; and surface-disruptive with central highcontrast patches, DC). These have been previously proposed to be effective camouflage for static targets [4] [5] [6] 12] . In addition, four simple variations on these targets were created where the boundary between the high and low-contrast regions within a target was either sharp (SE and SC) or graduated (GE and GC).
Each trial consisted of a stationary target displayed on the monitor, and participants detected and clicked on the target as quickly as possible, using the mouse to move a cursor. Response times (RTs) were recorded. Ten repetitions of each pattern at each size were presented in random order, giving a total of 240 trials per subject. Ten naive participants (five males and five females) were tested and were recruited from the postgraduate population at the University of Bristol and reimbursed for their time.
(b) Experiment 2
Conditions were the same as experiment 1, but in this case, the targets moved at 4 degrees per second in a straight line until encountering a boundary, at which point they rebounded at an angle equal to the angle of incidence. RTs, position of the target and accuracy of the mouse-click with respect to target location were recorded. The same 10 participants as in the previous experiment were tested.
(c) Experiment 3
The background and target patterns from the previous two experiments were used, but the target was now an ellipse (minor axis ¼ 0.7 Â major axis: major axis 1.638; minor axis 1.138) with its major axis oriented either vertically or horizontally. The orientation was assigned randomly from trial to trial, with the caveat that there was an equal number of each orientation within each condition. Circular distractors (1.48 diameter with the same area as ellipses) were displayed along with the target. Each distractor was generated individually to ensure that while they displayed the same type of pattern they were not identical. There were 0, 5 or 10 distractors in one of two combinations with the targets. Either the target and distractors contained the same pattern, or the target contained a pattern and the distractors were plain. The condition with NP targets and plain distractors falls into both of these categories but was only presented once. The trials were blocked by distractor pattern ( plain or patterned), and counterbalanced across participants. The trials within a block were presented in random order. The target and distractors moved at 4 degrees per second in any direction with no occlusion; instead they rebounded off each other as well as the boundary at an angle equal to the angle of incidence. Participants were asked to identify the elliptical target's orientation as quickly and accurately as possible with a key press. RT and correctness of response were recorded for each trial. Sixteen participants were recruited from the undergraduate population at the University of Bristol, completing the experiment for course credit. Only participants who scored a minimum of 90 per cent correct on both experimental blocks were included in the analysis, as this allowed the assumption that incorrect trials were due to non-systematic error rather than a differential speed-accuracy trade-off across blocks. Analysis was carried out on all correct trials of the 12 participants (11 females and one male) meeting this criterion. Within this group, there were no systematic differences in errors across conditions. Median RTs for each participant in each condition were calculated, and different conditions were then compared using repeated-measures ANOVA with Greenhouse-Geisser adjustment of the degrees of freedom to account for within-subject correlations [29] . Values are quoted as mean + s.e.m.
Results
(a) Experiment 1: detection and capture of static targets
In this experiment stationary targets were displayed onscreen and participants were asked to capture the target as quickly as possible using a mouse-click. Performance was Figure 1 . Sample stimuli patterns. Artificial patterns were generated and used for stimuli: (a) no pattern (NP), (b) background matching (BM), (c) step edge (SE), (d ) step centre (SC), (e) graduating edge (GE), (f ) graduating centre (GC), (g) disruptive edge (DE), and (h) disruptive centre (DC). Each pattern implements a camouflage strategy previously proposed in the literature.
rspb.royalsocietypublishing.org Proc R Soc B 280: 20130064 assessed via capture accuracy and RTs, and camouflage patterns were compared with an unpatterned control of the same mean luminance as the background (NP, figure 1 As the targets increased in size and the task became easier (figure 2b,c), SC became less effective, leaving BM, DE and DC as the most successful camouflage patterns for the largest targets (F 1.89,17 ¼ 6.81, p ¼ 0.007; pairwise comparisons: NP versus BM, F 1,9 ¼ 7.64, p ¼ 0.022; NP versus DE, F 1,9 ¼ 5.62, p ¼ 0.042; NP versus DC, F 1,9 ¼ 13.64, p ¼ 0.005). As can be seen, at least three of the camouflage strategies (BM, DE and DC), produce a significant lengthening of capture times in all conditions. The capture accuracy results mimicked the RT results, showing that when targets were hard to find, the trial took longer and the participant was less likely to be correct. This shows that the BM, DE and DC patterns (which contain disruptive elements of varying types) as well as matching the background, function as proposed when targets are static, a precondition of our subsequent investigations.
(b) Experiment 2: detection and capture of moving targets
The second experiment was similar to the first, but with the important difference that the objects moved. The addition of motion caused all RTs to fall dramatically compared with experiment 1. The target patterns all produced very similar RTs, with no difference between the different camouflage patterns, or between the camouflage and no-pattern targets ( figure 3 ). There was an effect of size, with larger targets being captured more quickly than smaller targets (size, F rspb.royalsocietypublishing.org Proc R Soc B 280: 20130064
as can be seen from figure 3 , once a target moves, detection is relatively rapid, and camouflage has no significant effect on capture times. Motion breaks camouflage.
(c) Experiment 3: identification of moving targets in the presence of distractors
The same target patterns as in the previous experiments were displayed on elliptical targets amongst circular distractors. Each trial involved a moving target amongst 0, 5 or 10 moving distractors. Participants were required to identify the target and indicate its orientation (horizontal or vertical) as quickly as possible. Owing to the conditions involved (we did not include a condition with plain targets and patterned distractors), this experiment could not be a fully factorial design, and so separate analyses for each subset of conditions are presented. In trials with no distractors, there was no significant effect of any of the target patterns on the speed of identification (F 3.2,35.2 ¼ 2.447, p ¼ 0.076). When the distractors were of type NP, and did not match the target, identification did not differ between target patterns and was just as fast as in the absence of distractors. This was true when there were either five or 10 distractors (five distractors, F 6,66 ¼ 1.0, p ¼ 0.433; 10 distractors, F 6,66 ¼ 0.745, p ¼ 0.615), and RTs were similar to those for the no distractor condition. The speed at which targets were identified under this condition suggests that search was parallel for a conjunction of movement, form and texture. This is consistent with McLeod et al. [23] who reported that search for a conjunction of movement and form is a parallel process.
When instead the distractors matched the targets, there were significant differences between RTs for the different target patterns (five distractors, F 7,77 ¼ 4.74, p , 0.001; 10 distractors, F 7,77 ¼ 6.06, p , 0.001). This effect is owing to shortened RTs for the no-pattern stimuli in comparison with the camouflage stimuli (figure 4): any camouflage pattern is better than none. For five distractors, the no-pattern condition was significantly different from all the camouflage patterns (pairwise comparisons: NP versus BM, F The number of distractors also affected RTs. When distractors matched the targets, the RTs in trials involving 10 distractors (1886 + 64 ms) were much longer than for those involving five distractors (1365 + 32 ms) ( paired samples t-test, t 95 ¼ 10.24, p , 0.001). This effect was also apparent for the condition where the distractors did not match the target, although the difference was much smaller (10 distractors 790 + 12 ms; five distractors 754 + 10 ms; paired samples t-test, t 83 ¼ 4.12, p , 0.001). This pattern of results for the identification of moving targets was very different from that for the capture of a single target: camouflage inhibits identification, and does so more when there are more distractors, but the particular nature of the camouflage patterns has no detectable influence of the size of this effect.
Discussion
All camouflage patterns tested increased RTs for stationary targets when compared with an unpatterned target, and so all the camouflage patterns were effective. Furthermore, of all the strategies, BM and disruptive (both edge and centre) patterns were the most successful types of camouflage, neatly coinciding with the fact that these are the pattern strategies that occur most commonly in the natural world [6, 7, 10] .
Several authors have emphasized how disruptive and BM camouflages act together. Cott [7] clarified Thayer's [6] proposal that the most effective disruptive camouflage should involve patches of BM coloration alongside areas of highcontrast patterning (a process he called differential blending). rspb.royalsocietypublishing.org Proc R Soc B 280: 20130064
The areas of high contrast will create false bounding contours [10] and can be positioned either near the edge of the animal (external) or near to the centre (internal). The results from experiment 1 support the idea that disruptive camouflage requires both differential blending and disruptive contrast, because the step and graduating patterns, which did not include both factors, were less successful at hiding the target. Other studies have found that edge disruptive patterns provide additive benefits on top of BM [8, 9] , or that central disruptive patterns are more effective than ones located on the target's edge [11] . We found no evidence to support either of these previous results. This could be attributable to any or all of the differences in background structure, target design (e.g. our BM targets, by virtue of being random background samples, also had edge-disrupting elements), protocol and species. This issue is not central, given that our interest is in the effect of movement. Attention is quickly drawn to motion [14] . Motion relative to a background allows figure-ground segregation [15] as long as the target, background or both contain some spatial pattern. This makes the large difference we observed in RTs between the stationary and dynamic conditions unsurprising: the camouflage patterns that were found to be successful at hiding the position of stationary targets for detection and capture were ineffective once the target moved. Consistent with Stevens et al. [16] , it is clear from our data that camouflage strategies such as BM and disruptive patterns are not useful for reducing predation at either the detection or capture stages, if the target is in motion. Interestingly, feedback from regular soldiers about ineffectiveness of camouflage when moving is ostensibly one reason why the United States Army dispensed with camouflage for all but snipers and reverted to monochrome olive drab at the end of second world war [30] .
The third experiment did, however, provide evidence that camouflage patterns can slow down the process of being identified while moving. The camouflage patterns did not prevent identification, but RTs were slower for targets with camouflage compared with those without as long as other camouflaged shapes were also present and in motion. There was no difference between the different camouflage patterns tested. The results, therefore, suggest that the details of the pattern are unimportant in hindering identification while moving: any pattern which displayed some similarity to the background and to other moving objects had a similar effect. While the effect of the camouflage is not large enough to prevent identification completely, it can slow the process by up to 70 per cent (for the most successful camouflage pattern, with 10 matching distractors). This could provide a long enough delay to increase a prey item's chance of escaping.
When the target was the only moving object, the camouflage patterns had no effect. The same result was seen when there were distractors that did not match the target. It, therefore, appears that it is the presence of other similarly camouflaged moving objects that helps to conceal the identity of a target. This effect grows as the number of distractors increases.
What is the relevance to the real world? Natural backgrounds often have moving elements (leaves, twigs, etc.), and BM animals sample from these elements or, in masquerade [31] , mimic the elements. As long as the motion of the animal and background elements are similar [32] , this would constitute a target -distractor discrimination task analogous to that modelled in experiment 3. This pattern of results can also be applied to herding/shoaling animals that may take advantage of such an effect to confuse predators. With the same pattern evident on many individuals, a predator's task of identifying and isolating a weaker, younger or more profitable individual is hindered. This may increase the 'confusion effect', as reported in fish [33] , reptilian and primate [34] predators, where predator attacks on groups are delayed, compared with those on solitary individuals. Although targets and distractors in experiment 3 differed only along a single dimension (a minor-major axis difference), addition of camouflage patterns, although irrelevant to the discrimination, seems to have decreased search efficiency, an effect proposed to be central to the confusion effect [18] .
Conclusions
Camouflaging moving objects is a difficult problem because the movement 'pops out' [14] . Camouflage, such as BM and disruptive coloration, is unsuccessful at preventing the detection or capture of single moving targets. However, a pattern with similarities to the background may be effective in slowing identification of a target in the presence of other moving objects displaying the same pattern. The 'distractors' could be moving elements of the background or conspecifics. In short, when you have to move, it is better to be camouflaged and among companions than plain and isolated. We conclude, therefore, that motion does not entirely 'break' camouflage.
